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Study Design: Clinimetric evaluation study. 
Introduction: Despite the availability of numerous performance tests to measure finger 
dexterity, there is no international consensus on hand function evaluation. 
Purpose of the Study: To evaluate the reliability, validity and responsiveness of the modified 
version of the Simple Test for Evaluating Hand Function (STEF), which is widely used in 
Japan.  
Methods: The intra-rater (n=40) and inter-rater (n=32) reliability of the modified STEF was 
evaluated by calculating the intraclass correlation coefficient, models (1,1) and (2,1), 
respectively, in healthy individuals. The criterion validity of the modified STEF (n=50) was 
evaluated by calculating the Pearson’s correlation coefficient relative to the STEF, the 
Purdue Pegboard Test (PPT) and the Disabilities of the Arm, Shoulder and Hand 
questionnaire (DASH). The standardized response mean of the scores was calculated to 
determine responsiveness (n =35). The modified STEF was used prospectively to measure 
the change in hand function in a cohort of patients with hand trauma injuries and 
inflammatory diseases (n = 30), as well as in a cohort of patients with cervical spondylosis (n 
= 20), from preoperative baseline to 1 and 3 months postoperatively.  
Results: ICC 1.1 and ICC2.1 values were ≥0.80, indicative of high intra- and inter-rater 
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reliability. All correlation coefficients were significant (p<0.05): STEF (r = 0.89); PPT (r = 
0.69); and DASH (r = -0.34). The standardized response mean indicated greater 
responsiveness of the modified STEF (0.89) than the STEF (0.71) and PPT (0.68), but a 
lower responsiveness than the DASH (1.11).  
Conclusions: The modified STEF is a reliable measurement tool, with a moderate positive 
correlation with the PPT and a greater responsiveness than the STEF and PPT.  
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The assessment of general hand function in patients having sustained hand trauma or in 
those with an inflammatory condition is complex. Many instruments have been developed to 
quantify general hand function, which is defined as the nature and extent of daily activities 
that an individual can perform using his or her hands.1,2 Traditionally, outcome assessments 
in hand therapy have focused on the structure and function of the hand, including range of 
motion, grip strength and sensation. However, since the introduction of the International 
Classification of Functioning, Disability and Health (ICF) by the World Health Organization 
(WHO) in 2001, there has been a shift in clinical assessments, from a focus on disability to 
functioning and health, with assessment of activities and participation providing the primary 
clinical outcomes. Within this framework, activity is defined as ‘the execution of a task or 
action by an individual’, whereas participation is defined as ‘a person’s involvement in a life 
situation’. Fine motor function of the hand is essential to the performance of meaningful 
activities, including the coordinated actions of handling objects, such as grasping, 
manipulation and release.3,4 With the focus on activities and participation,5,6 hand therapists 
are increasingly using performance tests (such as the Nine-Hole Peg test.7 Purdue 
Pegboard Test (PPT),8 Jebsen-Taylor Hand Function test (JTT)9) to evaluate activity 
limitations, and patient-reported outcomes (such as the Disabilities of the Arm, Shoulder and 
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Hand (DASH)10 and the Michigan Hand Outcomes Questionnaire (MHQ),11 to evaluate 
participation restrictions.12 However, Van de ven-Stevens et al. reported that none of the 
existing measurement tools for the assessment of hand-related activities and participation 
satisfy all clinimetric properties (reliability, validity and responsiveness) required for clinical 
application.13 Furthermore, previous studies have reported that the JTT should not be used 
to evaluate the therapeutic effect of a surgical intervention due to concerns with its 
responsiveness and validity.14 As such, there is no international consensus regarding the 
appropriate tools to use in clinical practice for the assessment of hand activities.  
In Japan, the Simple Test for Evaluating Hand Function (STEF) is widely used to evaluate 
hand-related limitations in activities. The STEF was developed by an occupational therapist 
in 1969, with its rating system adapted for clinical practice in 1986.15 The STEF specifically 
assesses the accuracy, smoothness, speed, and dexterity of voluntary movements of the 
upper extremity, and the hand more specifically. It is composed of 10 tasks, involving 58 
objects, and includes the assessment of various grip patterns, including the precision grip 
and power grip. The STEF scores the time taken to move ten objects, of different shapes 
and sizes, to predetermined locations, with scores from 1-10 used to quantify the time 
requirement, the time scores summed to provide a total test score.  
The reliability of the STEF was established by Kaneko during its initial development.16 In 
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terms of validity, the STEF has a high correlation with the Action Research Arm Test, which 
is widely used for the assessment of upper limb function in patients post-stroke.17 With 
respect to hand therapy, the STEF correlates with the range of wrist motion and the DASH 
in patients with a distal radius fracture or other wrist joint diseases.18,19 In our previous study, 
we determined that the responsiveness of the STEF was sufficient to support its use as a 
measure of clinical change after a therapeutic intervention.20 However, the difficulty level 
and the evaluation criteria of the examination tasks may be limiting factors in patients with 
mild impairment in hand function. To address this issue, we developed the modified STEF to 
include assessment items requiring a higher degree of difficulty of hand function. Therefore, 
our aim in this study was to evaluate the reliability, criterion validity and responsiveness of 
the modified STEF. We hypothesized that there would be a positive correlation between the 
modified STEF and the PPT, and that the responsiveness of the modified STEF would be 
greater than that of the STEF and PPT. 
 
2．Material and Method` 
2.1 Equipment Construction Standards 
The STEF consists of a rectangular assessment board (40 x 80 cm, height, 3.5 cm) with 10 
different tasks, using objects of different size and shape: item 1 (large ball); item 2 (medium 
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sphere); item 3 (large rectangle); item 4 (neutral direction); item 5 (wooden disk); item 6 
(small cube); item 7 (cloth); item 8 (gold disc); item 9 (small ball); and item 10 (pin). The 
structure of the assessment board and the contents of the test are shown in Figure 1 and 
described in Table 1, with the various shapes and sizes of objects used shown in Figure 2.  
2.1 Modified STEF 
The modified STEF is a performance-based test for patients with hand trauma and 
inflammatory diseases. The differences in the assessment items between the STEF and the 
modified STEF are summarized in Table 2. The specific differences between the modified 
STEF and the STEF were as follows (Figure 3): item 3, increase in weight of object from 200 
g to 600 g; item 7, change in surface from vinyl to polypropylene; item 8, decrease in 
thickness of the object from 2.0 mm to 1.5 mm; item 9, decrease in the object diameter from 
6.0 mm to 4.0 mm; and item 10, a decrease in diameter from 3.0 mm to 1.0 mm.  
2.2 User’s Guide 
The following materials are needed to perform the assessment: the modified STEF board 
and contents; a desk to place the board on; the examiner’s handbook; a stopwatch; and a 
pen or pencil. The distance between the patient and the desk are adjusted such that the 
patient’s hands are reasonably placed at the start position. The following instructions are 
given to the patient ‘Please perform this test as quickly as you can, doing so in a 
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comfortable manner’. At the start of the test, the patient places his or her hand at the center 
of the board. Each subtest is started using the following instructions: ‘ready, go’. The time is 
stopped when the object is placed in the intended position. All subtests have a time limit, 
after which point the assessment is stopped. If the patient drops an object or places it in the 
wrong location on the board, that particular subtest is restarted. However, a maximum of 
three attempts for each subtests is allowed. If the patient fails on the third attempt, the item 
is recorded as ‘incomplete’.  
2.3 Scoring 
The time required to complete each subtest is measured using a stopwatch, from the ‘go’ 
signal to the correct placement of the object on the board, and the time is recorded (Table 3). 
The time-to-completion for each item is then scored from ‘1’ to ‘10’, using the cutoff times 
established for 100 healthy individuals, 50 males and 50 females, 18 to 24 years of age. The 
time score for all items are summed to yield the total test score, with a maximum possible 
score of ‘100’.  
2.4 Reliability estimates  
  Reliability is defined as the ability to evaluate similar patient characteristics equally at 
different time points, and is usually assessed using a test-retest analysis. The intra-class 
correlation coefficient (ICC), and its 95% confidence interval (CI), were used to evaluate 
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inter- and intra-rater reliability. Inter-rater reliability (ICC1.1) was evaluated in 40 healthy 
adults (male: 23, female: 17, age: 20-30 years), using the total score of the modified STEF.  
Intra-rater reliability (ICC2.1) was evaluated in 32 healthy adults (male: 12, female: 20, age: 
18-27 years), again using the total score of the modified STEF.  
For absolute reliability, the standard error of mean (SEM) and minimal difference change 
(MDC) were calculated. The SEM is calculated as the square root of the within participant 
variance: SEM= SD 1− ICC . The MDC refers to the minimal change measured by an 
assessment that falls outside of the measurement error of the instrument used, and was 
calculated as follows: MDC= SEM× 2×1.96. 
Validity and Responsiveness of the test 
Validity is the ability to measure an outcome precisely by making a comparison to a 
reference, or gold, standard, usually an instrument that has been previously validated. 
Responsiveness is the ability of a test to detect clinical change, which is typically measured 
by calculating the effect size or standardized response mean (SRM). To measure the 
criterion validity and responsiveness of the modified STEF, we collected data from a 
prospective cohort of patients. The modified STEF was administered by three therapists, 
each having 4 to 10 years of experience in hand therapy. In addition, the study was 
supervised by a certified hand therapist from the Japan Hand Therapy Society.  
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Patients with cervical spondylosis myelopathy were evaluated from the preoperative 
stage up to discharge. Patients with hand trauma, such as fractures of the distal radius and 
fingers, were evaluated immediately after surgery and up to three months postoperatively. 
Patients older than 20 years of age and with no history of other surgical procedures were 
included. Patients were excluded from the analysis if they had a medical history of 
rheumatoid arthritis or osteoarthritis of the hands or other serious complications. After 
screening for the exclusion criteria, 50 patients were included in the evaluation of validity 
estimates (Table 4), with 35 included in the evaluation of responsiveness estimates (Table 
5). Pearson’ correlation coefficient was used to evaluate the relationship between the total 
score of the modified STEF and that of the STEF, PPT and DASH. Analyses were 
performed using the Statistical Package for the Social Sciences (SPSS), version 18 (SPSS, 
Inc., Chicago, Illinois, USA), and the significance level was set to 5%.   
The SRM of the clinical change in hand function as a result of an intervention was 
calculated as the mean change in score divided by the standard deviation of the score 
change, and was used as the measure of responsiveness. We calculated the SRM for the 
modified STEF, as well as for the STEF, PPT, and DASH, using the change score from 
baseline to the final follow up. 
Ethical consideration  
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Verbal and written information were provided to all participants before enrollment, with all 
participants providing their consent. This study was approved by the Kanazawa Medical 




The inter-rater reliability was high, with an ICC1.1 value of 0.89 (95% CI: 0.81-0.95), and a 
SEM and MDC of 0.26 and 0.72, respectively, for the right hand, 0.94 (95%CI: 0.89-0.97) 
and the SEM and MDC were 0.12 and 0.33, respectively, for the left hand. The intra-rater 
reliability was also high, with an ICC2.1 value of 0.95 (95% CI: 0.91-0.98), and a SEM and 
MDC of 0.28 and 0.78, respectively, for the right hand, 0.86 (95% CI: 0.74-0.93) and the 
SEM and MDC were 0.39 and 1.08, respectively, for the left hand. 
Validity 
The average score for the modified STEF, STEF, PPT, and DASH were as follows: 
85.3±8.5, 92.1±5.8, 8.7±3.5, and 34.6±17.9, respectively. The correlation (r) values between 
the modified STEF and the other assessments were as follows: STEF, r = 0.89, p<0.05 (Fig 




The mean total scores for the modified STEF, STEF, PPT, and DASH, with the associated 
SRM, for the affected hand are listed in Table 6. The SRM (to detect a meaningful clinical 
change) was higher for the modified STEF (0.89) than for the STEF (0.71) and PPT (0.68), 
but was lower than the SRM for the DASH (1.11). 
4. Discussion 
Dexterity, defined as ”the skillful and controlled manipulation of a tool or an object by the 
fingers”,21, 22 is considered essential to the successful performance of tasks of daily living, 
work, school, play, and leisure,23, 24 and is an important component of a comprehensive 
assessment of upper extremity function. Despite the fact that many performance tests have 
been developed internationally, there is no consensus on the ideal test to assess hand 
function in clinical practice. The STEF is robust to effects of cultural background owing to the 
variety of assessment items and grasping styles that it incorporates, with few elements 
being linked to specific activities of daily living which, to a great extent, are culturally 
determined. However, previous studies have indicated the need to pay attention to the 
ceiling effect of the STEF in patients with mild impairment in hand function.19 In our previous 
study, the STEF score tended to be higher than the score in these previous studies, 
particularly among individuals with mild impairment in hand function.20 On the basis of these 
results, we considered the possibility that the difficulty level and evaluation criteria of the test 
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items might be limiting factors of the clinical utility of the STEF. To address this limitation of 
the STEF, we developed the modified STEF by increasing the difficulty of selected test 
items (3, 7, 8, 9, 10) to improve the discrimination of the evaluation criteria. In this study, we 
evaluated the clinimetric properties of the modified STEF by evaluating test scores across a 
larger group of patients who had undergone surgical treatment.  
We determined that the reliability of the modified STEF is almost perfect when the test is 
performed by different evaluators within a short time-frame and when repeated by the same 
evaluator within a 7-day time frame.25 However, the 95% CI of the ICC2.1 ranged between 
0.74-0.93, indicative of variation in the scoring of the modified STEF by different evaluators. 
This inter-rater variation in scoring can be explained by the absence of a clear indication for 
repeating a trial in the modified STEF. In the STEF, an assessment item is repeated when 
the test object is dropped. However, in the modified STEF, as individuals had better hand 
function, errors in performance were not due to “dropping” the test object but rather due to 
“pushing” the object to the correct location on the board. The extent to which “pushing” 
rather than “placing” the test object on the correct location was tolerated might have varied 
between examiners. Therefore, clarification of this criterion of the performance is needed to 
provide examiners direction as to when a test item should be repeated.  
 To evaluate validity, we chose to use the PPT and DASH as opposed to other hand 
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specific measures of disability for several reasons. First, the inter-rater reliability and 
construct validity of the PPT have been established.26, 27 In addition, at present, the PPT is 
recommended in clinical practice because it includes both bilateral and unilateral hand use, 
and has a broad age range of normative data available. The DASH also has demonstrated 
reliability, validity and responsiveness.28 It is the most extensively studied assessment tool 
of the upper limb, with large supporting evidence of its good clinimetric quality. We identified 
a moderate correlation between the modified STEF and PPT. This lower than expected 
correlation might be explained by differences in test items between these two assessment 
tools. Similar to the PPT, the modified STEF includes the task of manipulating a pin with the 
thumb, index finger and middle finger. However, the modified STEF also includes subtests 
with objects of different sizes and shapes, with these tasks requiring the use of different 
unilateral grasps that use all the digits of the hand, as well as incorporating tasks that 
require anterior and posterior rotation of the forearm. The PPT may be used for a patient 
with an occupation that requires integration of fine motor skills and bimanual activity. 
However, the modified STEF should be used for a patient who uses a variety of unilateral 
grips.  
  We also identified a low correlation between the modified STEF and the DASH. These 
two assessment tools are very different, with the modified STEF being a criterion-based, 
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standardized performance tool, while the DASH is a self-report questionnaire which 
evaluates an individual’s perception of his or her capacity to perform an activity in a real life 
environment.29, 30 Because of these differences, the two types of tools should complement 
each other when measuring someone’s activity and participation level,30, 31 but may not 
correlate as they are measuring different underlying constructs.  
We used the SRM as an indicator of responsiveness. According to the evaluation criteria 
proposed by Cohen,32 a SRM >0.80 is indicative of a larger responsiveness. As such, the 
SRM of 0.89 indicates good responsiveness of the modified STEF, which was comparable 
to the SRM of 1.1 that we calculated for the DASH in our study, the latter value being 
comparable to previously reported values of 0.7 to 1.37 for the DASH.33, 34  
The STEF is limited in its ability to detect subtle changes in performance among patients 
with sufficiently good hand function as the test items used can be performed with different 
grips. As such, impairments in one finger can be effectively compensated by the use of an 
alternate type of grip using uninvolved fingers. Therefore, the test items of the STEF may 
not be sufficiently sensitive to evaluate more subtle limitations in ROM, sensation and 
muscle strength. In contrast, the test items of the modified STEF cannot easily be 
compensated for by using an alternative grip and, therefore, subtle impairments will affect 
the test score. This differentiation is improved by the reference scores of over 100 men and 
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women, which are provided with the modified STEF.  
5. Limitation 
In this study, we evaluated the correlation and responsiveness of the modified STEF with 
established clinical tools, namely the STEF, PPT, and DASH, for patients in whom hand 
function was impaired by trauma, inflammatory disease and cervical spondylosis 
myelopathy. However, the sample size was small and included a variety of etiologies. This 
may have influenced our evaluation of the correlation of the modified STEF to established 
assessment and of its responsiveness. Future studies are warranted to evaluate the 
responsiveness of the modified STEF for specific conditions, such as distal radius fracture, 
carpal tunnel syndrome. 
 
6. Conclusion 
The modified STEF is a reliable measurement tool, with a moderate positive correlation 
with the PPT and a greater responsiveness than the STEF and PPT. Based on our results, 
we propose that the modified STEF has sufficient the reliability, criterion validity and 





Sources of Funding: 
No funding agency played any role in study design, collection of data, analysis, or 
interpretation of results, drafting or finalizing the manuscript, or journal submission for 
manuscript publication. 
 
Conflict of Interest:  
The authors have no conflicts of interest to declare. 
 
Acknowledgements:  
We would like to thank both Katsumi Inoue and Norio Kawahara for his assistance and 






1) Davis AM, Beaton DE, Hudak P, et al. Measuring disability of the upper extremity: a 
rationale supporting the use of a regional outcome measure. J Hand 
Ther .1999;12:269-274. 
2) Sharma S, Schumacher HR, McLellan AT. Evaluation of the Jebsen hand function test for 
use in patients with rheumatoid arthritis [corrected]. Arthritis Care Res. 1994;7:16-19. 
3) World Health Organization. International Classification of Functioning, Disability and 
Health (ICF). 2001. Geneva, Switzerland. 
4) Stucki G. International Classification of Functioning, Disability, and Health (ICF): a 
promising framework and classification for rehabilitation medicine. Am J Phys Med Rehabil. 
2005;84:733-740. 
5) Chan J, Spencer J. Adaptation to hand injury: an evolving experience. Am J Occup Ther. 
2004;58:128-139. 
6) Keller RB, Rudicel SA, Liang MH. Outcomes research in orthopaedics. Instr Course Lect. 
1994;43:599-611. 
7) Mathiowetz V, Weber K, Kashman N, Volland G. Adult norms for the Nine Hole Peg Test 
of finger dexterity. Occup Ther J Res. 1985;5:24-38. 
8) Costa LD, Vaughan HG, Levita E, Farber N. Purdue Pegboard as a predictor of the 
19 
 
presence and laterality of cerebral lesions. J Consult Psych. 1963; 27:133-137. 
9) Jebsen RH, Taylor N, Trieschmann RB, Trotter MJ, Howard LA. An objective and 
standardized test of hand function. Arch Phys Med Rehabil. 1969;50:311-9. 
10) Imaeda T, Toh S, Nakao Y, Nishida J, Hirata H et al. Validation of the Japanese Society 
for Surgery of the Hand version of the Disability of the Arm, Shoulder, and Hand 
questionnaire. J Orthop Sci. 2005;10:353-359. 
11) Massy-Westropp N, Krishnan J, Ahern M. Comparing the AUSCAN Osteoarthritis Hand 
Index, Michigan Hand Questionnaire, and Sequential Occupational Dexterity Assessment 
for patients with rheumatoid arthritis. J Rheumatol. 2004;31:1996-2001. 
12) Weinstock-Zlotnick G, Bear-Lehman J. How therapists specializing in hand therapy 
evaluate the ability of patients to participate in their daily lives: An exploratory study. J Hand 
Ther. 2015;28:261-267. 
13) van de Ven-Stevens LA, Munneke M, Terwee CB, Spauwen PH, van der Linde H. 
Clinimetric properties of instruments to assess activities in patients with hand injury: a 
systematic review of the literature. Arch Phys Med Rehabil. 2009;90:151-169. 
14) Sears ED, Chung KC. Validity and responsiveness of the Jebsen-Taylor Hand Function 
Test. J Hand Surg Am. 2010;35:30-37. 
15) Kaneko T, Muraki T. Development and standardization of the hand function test. Bull 
20 
 
Allied Med Sci Kobe. 1990:6:49-54. (in Japanese)  
16) Kaneko T. Inspector’s guide of Simple Test for Evaluating Hand Function (STEF). Sakai 
Medical, Tokyo 1986:3-17. (in Japanese) 
17) Kameda Y, Yoshizawa I, Sase Y, Taguchi K, Abo M. The clinical utility of the Action 
Research Arm Test in chronicpp stroke patients. The Journal of Japanese Association of 
Occupational Therapist. 2014;33:314-323. (in Japanese) 
18) Kusakawa Y, Okumura S. The relevance between the results of QuickDASH and STEF 
in distal radius fracture cases – Consideration of applying the two evaluation methods. Bull 
Allied Med Sci,Aichi. 2016;7:29-34. (in Japanese)  
19) Oota M, Kawamura D, Hunakoshi T, Iwasaki M. Relationship between Simple Test for 
Evaluating Hand Function (STEF) and range of motion in patients with hand and elbow joint 
disease. J Jpn Soc Surg Hand. 2016;32:769-772. (in Japanese) 
20) Irie K, Iseki H, Okamoto S, Nishimura S, Kobe A et al. Validity and responsiveness of the 
Simple Test for Evaluating Hand Function. Hand Ther. 2017;22(4):133-140. 
21) Backman C, Cork S, Gibson G, Parsons J. Assessment of hand function: The 
relationship between pegboard dexterity and applied dexterity. Can J Occup Ther. 
1992;59:208-213. 




23) Exner CE. In-hand manipulation skills in normal young children: Translation movements. 
Am J Occup Ther. 1997;51:729-732. 
24) Foad SL, Mehlman CT, Ying J. The epidemiology of neonatal brachial plexus palsy in 
the United States. J Bone Joint Surg Am. 2008;90:1258-1264. 
25) Landis JR, Koch GG. The measurement of observer agreement for categorical data. 
Biometrics. 1977;33:159-174.  
26) Buddenberg LA, Davis C. Test-retest reliability of the Purdue Pegboard Test. Am J 
Occup Ther. 2000;54:555-558. 
27) Desrosiers J, Hebert R, Bravo G, Dutil E. The Purdue Pegboard Test: normative data for 
people aged 60 and over. Disabil Rehabil. 1995;17:217-224. 
28) Bot SD, Terwee CB, van der Windt DA, et al. Clinimetric evaluation of shoulder disability 
questionnaires: a systematic review of the literature. Ann Rheum Dis. 2004;63:335-341. 
29) Ustun TB, Chatterji S, Bickenbach J, Kostanjsek N, Schneider M. The International 
Classification of Functioning, Disability and Health: a new tool for understanding disability 
and health. Disabil Rehabil. 2003;25:565-571. 




31) Wittink H, Rogers W, Sukiennik A, Carr DB. Physical functioning: self-report and 
performance measures are related but distinct. Spine. 2003;28:2407-2413.  
32) Cohen J: Statistical Power Analysis for the Behavioral Sciences (revised edition). New 
York: Academic Press, 1997;19-27. 
33) Gay RE, Amadio PC, Johnson JC. Comparative responsiveness of the disabilities of the 
arm, shoulder, and hand, the carpal tunnel questionnaire, and SF-36 to clinical change after 
carpal tunnel release. J Hand Surg Am. 2003;28:250-254. 
34) MacDermid JC, Tottenham V. Responsiveness of the disability of the arm, shoulder, and 
hand (DASH) and patient-rated wrist/hand evaluation (PRWHE) in evaluating change after 
hand therapy. J Hand Ther. 2004;17:18-23. 
 
 
 
 
 
 
 
